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INTRODUCTION 


Corn  (maize)  is  the  largest  cereal  crop  in  Rhodesia  (1).    It  supplies 
52  to  75%  of  the  calories  consumed  by  rural  populations.    FAO  surveys  (2) 
showed  that  the  caloric  value  of  the  food  consumed  is  within  10%  of  the 
required  2000  to  2200  calories  for  an  adult.    However,  there  may  be  a  calorie 
deficit  of  30%  or  more  during  periods  of  shortage  or  for  vulnerable  groups. 
A  survey  by  the  FAO  showed  that  4  to  6%  of  the  children  and  10%  of  the 
pregnant  women  are  seriously  malnourished. 

Since  corn  is  resistent  to  crop  diseases  (1) ,  the  main  reason  for  crop 
failure  is  lack  of  sufficient  rainfall.    In  1967,  only  3%  of  the  crop  land 
in  Rhodesia  was  irrigated  (3) . 

Because  corn  makes  up  the  bulk  of  the  Rhodesian  diet,  it  is  an  important 
source  of  protein  even  though  it  is  an  incomplete  protein.    Several  methods 
have  been  used  to  improve  the  protein  in  corn  including  breeding,  fertiliza- 
tion of  the  land  and  supplementation.    Supplements  may  change  the  flavor  of 
corn  products  and  lower  their  acceptability  by  the  people  (4).    In  Rhodesia, 
some  of  the  corn  is  allowed  to  ferment  before  it  is  cooked  into  a  porridge. 
Sour  corn  has  enough  acid  to  mask  the  taste  of  added  supplements  (5). 

Soybeans  and  peanuts  are  two  possible  supplements  that  could  be  used 
with  corn.    In  the  past,  soybeans  have  not  been  grown  by  Rhodesians  but  the 
government  is  encouraging  master  farmers  and  schools  to  plant  soybeans. 
Teachers  and  clinic  personnel  have  been  given  training  on  how  to  prepare 
soybeans  in  the  home.    As  this  knowledge  spreads,  soybeans  will  become 
available  to  rural  people.    Peanuts  are  grown  in  the  gardens  of  rural  people 
and  they  are  served  in  a  variety  of  ways.    In  this  study,  the  effect  of  soy- 
beans and  peanuts  on  the  rate  of  fermentation  of  corn  was  examined.  Also, 


the  protein  quality  of  fermented  cooked  corn  supplemented  with  two  levels  of 
soybean  and  peanut  meal  was  determined. 


REVIEW  OF  LITERATURE 

Corn  as  a  Basic  Food 

Amount  of  protein.    The  FAO/WHO  recommends  55  grams  of  protein  for 
African  men  in  the  tropics.    According  to  a  survey  taken  by  FAO/WHO  in  1959, 
the  Rhodesian  eats  5  to  10  grams  of  animal  protein  per  day  (2) .    An  adult 
can  eat  0.5  kilogram  (dry  weight)  of  corn  per  day.    If  corn  contains  9% 
protein,  0.5  Kilogram  will  supply  45  grams  of  protein.    Thus,  the  protein 
supply  per  capita  in  Rhodesia  just  covers  the  total  average  requirement. 
Abbott  (6)  suggested  that  supply  should  be  2%  above  the  requirement  to  insure 
distribution.    The  amount  of  excess  needed  depends  on  spoilage  during  pre- 
paration, availability  at  proper  time  and  place  and  income  disparity. 
Moreover,  when  culture  allows  productive  family  members  to  eat  at  the  expense 
of  the  nutritionally  vulnerable  groups,  there  may  not  be  sufficient  protein 
for  growing  children  and  expentant  or  nursing  mothers. 

Table  1  shows  that  a  large  percent  of  the  protein  comes  from  grains  and 
that  meat,  eggs  and  milk  are  low  when  compared  to  supplies  in  the  United 
States.    Thus,  much  of  the  protein  is  of  low  quality. 

 Table  1  -  Protein  supplies  per  capita  per  day  in  grams  (6^  


Source  Africa  United  States 

Grains  32.2  33.4 

Starchy  roots  7.1  52 

Nuts  9.0  3;8 

Vegetables  and  fruits  1.7  3#6 

Meat  5.8  19.'8 

Eggs  0.4  3.3 

Fish  1.3  2.4 

Milkn  3.5  18.5 

Total   61.0   90.0 


Vitamin  deficiencies  of  corn  diets.    Spector  and  Metz  (7)  found  corn 
1  deficient  in  folate  and  vitamin  B12-    Both  liver  and  serum  levels  of 


vitamin  B-j^  were  low  when  rats  were  fed  a  corn  diet.    Serum  folate  activity 
did  not  reflect  depleted  folate  stores.    Supplements  of  pteroylglutamic  acid 
maintained  liver  folate  levels  and  vitamin  B12  supplements  prevented 
depletion  of  both  vitamins. 

Bressani  et  al.    (8)  reported  that  the  niacin  in  corn  is  not  completely 
available  for  use.    Niacin  from  opaque -2  com  is  more  available  although  not 
higher  in  amount  than  in  normal  corn.    Lime  treatment  causes  a  loss  of  niacin 
but  an  increase  in  tryptophan  availability  and  thus  an  increase  in  total 
niacin  equivalent  of  normal  corn. 

The  Need  for  Improvement  of  Corn  Protein 

When  a  large  proportion  of  protein  is  from  one  incomplete  protein  source, 
various  nutritional  problems  become  acute.    A  protein  is  incomplete  when  it 
does  not  provide  the  right  pattern  and  quantity  of  essential  amino  acids. 
The  FAO  provisional  reference  pattern  was  derived  from  the  amount  of  in- 
dividual amino  acids  required  by  infants  and  adults  (9) .    The  FAO  standards 
are  safe,  practical  allowances  but  not  so  high  as  to  be  unattainable  by  people 
in  developing  countries  (10) . 

When  chemical  analysis  of  a  dietary  protein  is  made,  its  amino  acid 
pattern  can  be  compared  to  that  of  the  reference  pattern  and  be  given  a  pro- 
tein score.    The  protein  score  of  corn  is  42  when  compared  to  the  FAO  provision- 
al reference  pattern.    The  most  limiting  amino  acids  are  tryptophan  and 
lysine  (8) . 

Most  knowledge  dealing  with  human  utilization  and  metabolism  of  cereal 
proteins  is  based  on  the  assumption  that  the  essential  amino  acid  pattern 
limits  the  nutritive  value  of  the  grain.    Jansen  and  Howe  (11)  concluded  that 
since  there  is  a  higher  percent  of  non-essential  amino  acids  in  corn  than 
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essential  amino  acids,  it  is  unlikely  that  total  nitrogen  can  be  the  limiting 
factor.    However,  Kies  et  al.  (12)  found  that  "unessential"  nitrogen 
(nitrogen  from  sources  other  than  the  essential  amino  acids)  is  the  first 
limiting  nitrogenous  factor  in  corn  for  adults.    Nitrogen  retention  of  adults 
eating  a  corn  diet  increased  after  addition  of  "non  specific"  nitrogen  (13) . 
The  nitrogen  source  used  to  supplement  the  corn  diet  was  glycine-diammonium 
citrate.    The  long  term  effects  of  "non-essential"  nitrogen  intake  on  children 
has  not  been  reported. 

Rhodesian  program.    In  order  to  provide  an  enriched  corn  product  for  the 
people,  the  Rhodesian  government  obtained  the  formula  for  Pro  Nutro  from  the 
Food  Corporation  of  Durban,  South  Africa  (14).    Pro  Nutro  can  be  used  as  a 
cereal  or  a  soup.    It  contains  soy,  corn  and  peanut  flours,  non  fat  milk 
solids  and  wheat  germ.    It  contains  22%  protein.    It  is  well  accepted  by  the 
people  as  an  infant  food  but  the  whole  family  cannot  afford  to  use  it  because 
it  is  more  economical  to  use  home  grown  maize  than  to  purchase  prepared 
mixtures . 

Better  breeding  strains.    Corn  is  unknown  in  its  wild  state,  but  it  is 
thought  that  it  was  derived  from  some  ancestor  of  the  Mexican  grass,  teosinte, 
Euchlaena  Mexicana  (15) .    It  may  be  a  hybrid  between  an  unknown  grass  and 
teosinte.    This  unknown  grass  is  believed  to  have  been  like  the  earless 
varieties  of  pod  corn,  Zea  tunicata. 

Corn  was  probably  introduced  to  Africa  after  1502  when  Portuguese  ships 
stopped  on  the  African  coast  enroute  to  South  America  and  traded  seeds  for  food 
and  water  (16) .    The  American  Indians  evidently  passed  corn  seeds  from  tribe 
to  tribe.    Hybrid  lines  have  been  developed  from  the  early  American  Indian 
com. 
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One  strain  of  corn,  Zea  mays,  is  homozygous  for  the  recessive  mutant 
gene,  opaque-2  (17).    Opaque-2  corn  contains  twice  as  much  glutelin  and  half 
as  much  zein  as  other  lines  tested  by  Clark  et  al.  (17).    Zein  is  a  protein 
that  is  lost  as  a  by  product  of  wet-milled  corn  (18).    The  change  of  protein 
gives  a  corn  that  is  higher  in  lysine  and  tryptophan  and  has  a  better  balance 
between  leucine  and  isoleucine  than  other  hybrid  lines. 

The  effectiveness  of  opaque-2  corn  in  maintenance  of  a  positive  nitrogen 
balance  depends  on  the  caloric  intake.    For  those  eating  large  amounts  of 
corn,  opaque-2  corn  should  be  a  valuable  source  of  protein  (17).    Eight  young 
adult  men  were  fed  degermed  opaque-2  corn  for  10  days  (19).    The  digestibility 
of  the  corn  was  near  that  of  egg  protein.    The  biological  value  and  the  net 
protein  utilization  of  degermed  opaque-2  corn  were  82  and  78,  respectively 
while  those  values  for  egg  protein  were  96  and  92.    Whole  opaque-2  corn  gave 
lower  values  for  digestibility,  biological  value  and  net  protein  utilization 
than  the  degermed  opaque-2  corn. 

There  are  other  changes  brought  about  by  the  mutant  gene,  opaque-2,  which 
are  not  good.    Watson  and  Yahl  (20)  found  that  the  kernel  size  of  opaque-2  corn 
is  smaller  than  normal  corn.    When  cereal  protein  improvement  causes  a  decrease 
in  productivity,  it  has  limited  nutritional  value  for  people  depending  on  cereal 
grains  as  a  basic  food  (21).    Although  only  515  grams  of  opaque-2  corn  would  be 
necessary  to  supply  the  essential  amino  acids  as  compared  to  967  grams  of  normal 
maize,  the  African  may  still  need  the  larger  amount  of  corn  to  supply  calories 
necessary  for  energy.    Mossberg  (22)  pointed  out  that  in  countries  where  high 
protein  cereals  are  needed  for  human  consumption,  people  do  not  have  the 
ability  to  produce  or  buy  the  improved  types  of  grain. 
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Effects  of  fertilization.    Sauberlich  et  al.  (23)  found  that  corn  grown 
on  plots  receiving  high-nitrogen  treatment  had  9.3  to  12.055  protein  as 
compared  with  6.8  to  8.2$  protein  in  corn  grown  on  plots  receiving  low-nitrogen 
treatment.    The  nitrogen  treatment  increases  the  cost  of  growing  corn. 

Supplementation.    Brock  (24)  stated  that  the  term  supplementation  should 
be  used  in  relation  to  a  meal  or  a  diet.    If  nutrients  are  added  to  bread  on  a 
commercial  basis,  the  bread  is  fortified.    When  people  do  not  buy  ready-made 
foods,  they  need  to  rely  on  means  of  supplementation  which  can  be  accomplished 
in  the  home.    Various  commercial  products  have  been  made  that  have  been 
fortified  with  fish  flour  (25),  milk  solids,  various  legumes  and  lysine  (1  and 
24).    Also,  provision  of  nitrogen  in  the  form  of  urea  can  aid  the  endogenous 
synthesis  of  non-essential  amino  acids  (26). 

Hansen  (1)  stated  that  total  protein  intake  influences  the  effectiveness 
of  various  supplementations.    Gallina  and  Dominguez  (26)  found  that  low  caloric 
intake  decreases  efficiency  of  high  biological  value  protein.    It  is  even  more 
necessary  to  have  sufficient  calories  on  a  low  protein  diet. 

Soybeans.    For  50  centuries,  people  of  the  Orient  have  subsisted  on  pro- 
ducts of  soybeans  (4).    The  Chinese  considered  soybeans  to  be  one  of  the  five 
sacred  grains  and  they  were  eaten  to  increase  lung  power,  make  the  body  plump, 
beautify  the  oomplexion  and  cause  a  cooling  effect  on  the  system  (27).    Seed  was 
sent  to  the  United  States  in  1873  by  missionaries  and  they  found  that  soybeans 
were  able  to  grow  in  this  climate.    In  the  last  quarter  of  a  century,  soybean 
production  in  the  United  States  has  grown  from  insignificant  to  first  place  in 
oil  seed  production. 

Soybeans  prefer  mellow,  fertile  clay  or  sandy  loams  (27).    They  are 
sensitive  to  changes  of  soil  and  climatic  conditions.    Change  in  conditions 
has  caused  numerous  varieties  to  be  developed.    The  varieties  can  be  divided 
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into  yellow,  green  and  black  beans  but  within  each  group  there  are  different 
sizes  and  shapes  of  beans.    When  first  introduced  to  a  new  country,  soybeans 
have  few  diseases  and  they  are  comparatively  free  of  serious  insect  pests  (28). 
These  factors  will  help  soybean  production  in  Africa. 

Most  of  the  soybean  protein  is  packed  in  the  aleurone  cells  that  are  in 
the  third  layer  of  the  endosperm  (28).    The  outside  or  palisade  layer  is 
responsible  for  the  amount  of  water  taken  up  by  the  seed.    The  second  layer  is 
made  up  of  hour  glass  cells  that  are  thick  and  readily  separated  from  adjoining 
layers  and  from  each  other.    When  the  outside  hull  of  the  soybean  is  removed, 
the  hour  glass  cells  would  be  the  place  of  separation  so  that  the  third  layer 
made  up  of  aleurone  cells  would  remain  with  the  usable  part.    Removal  of  the 
hull,  in  a  sense,  concentrates  the  protein  and  makes  a  food  that  is  easier  to 
digest  than  food  made  with  the  whole  soybean  (29). 

Many  different  products  have  been  made  from  soybeans.    For  use  in  baked 
products,  there  is  a  choice  of  three  flours:    full  fat  that  is  18-20$  fat,  low 
fat  that  is  made  from  press  cake,  and  defatted  flour  that  is  obtained  by 
solvent  extraction  and  contains  less  than  1<&  fat.    Flours  with  less  fat  are 
more  costly  but  of  higher  nutritional  value  than  full  fat  soy  flour.    In  bread 
dough,  soy  flour  serves  as  a  yeast  food  and  thus  speeds  up  fermentation.  In 
the  meat  industry,  soybeans  serve  as  a  binder  and  emulsifier.    The  Kellogg 
Company  makes  a  ready-to-eat  food  which  consists  of  20-30$  solvent  extracted 
soybean  and  70-80$  yellow  corn  flakes  (k). 

One  of  the  inhibiting  factors  of  using  soybeans  in  products  is  the  bean- 
like flavor  that  is  considered  to  be  bitter  by  some  people.    Several  methods 
have  been  developed  which  improve  the  flavor  (4).    Some  of  these  methods  are 
defatting,  debittering,  dehulling  and  roasting.    Moisture  and  heat  under 
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various  conditions  improves  flavor  and  nutritional  value  because  interfering 
materials  such  as  soyin  and  trypsin  are  proteins  which  are  sensitive  to 
heat  (29).    Steam  at  15  pounds  for  180  minutes  decreased  the  nutritional 
value  of  soybean  protein  for  monogastric  animals.    Soybeans  boiled  for  30 
minutes  caused  greater  weight  gain  per  gram  protein  eaten  in  rats  than  soy- 
beans cooked  with  dry  heat  or  steam.     Since  boiling  is  the  most  common  method 
of  food  preparation  in  Rhodesia,  soybeans  could  be  prepared  in  the  home  and 
they  would  be  a  good  means  of  supplementation  to  be  used  in  a  somewhat 
primitive  home  situation. 

Peanuts.    Wild  species  of  peanuts  are  found  abundantly  along  the  Amazon 
River  where  they  are  used  to  feed  cattle  (16) .    Evidence  indicates  that 
cultivated  forms  first  appeared  in  the  tropical  and  subtropical  regions  of 
South  and  North  America.    Portuguese  traders  may  have  taken  peanuts  to  Africa 
where  they  spread  so  fast  that  soon  travelers  thought  peanuts  were  indigenous 
to  Africa.    Both  African  and  Spanish  peanuts  are  grown  in  the  United  States. 

Peanuts  grow  in  well-drained  soils  that  are  sandy  in  nature  (30).  They 
require  warm  temperatures  for  normal  development.    An  increase  of  temperature 
during  its  flowering  period  increases  the  yield.    Again  these  are  factors 
which  prevail  in  Rhodesia  so  peanuts  are  a  good  crop  for  that  area. 

The  components  of  peanuts  vary  with  environmental  factors  (30).    The  skin 
is  high  in  fiber  and  ash  and  it  contains  appreciable  amounts  of  fat  and 
nitrogenous  materials.    Removal  of  the  skin  would  not  concentrate  the  protein 
as  removal  of  hulls  improves  soybeans.    Milner  (31)  suggested  that  the  skins, 
as  well  as  the  heart  of  the  seed,  should  be  removed  from  peanut  flour.  This 
would  improve  the  shelf  life  of  the  flour  but  would  decrease  the  nutritional 
value  of  the  peanut  flour. 
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In  order  to  loosen  the  skins,  the  peanuts  need  a  heat  treatment.  However, 
long  periods  of  cooking  cause  a  decrease  in  lysine  from  3.4  g/16  g  nitrogen  to 
1.9  to  2.8  g/16  g  nitrogen.    Maximum  temperatures  attained  in  processing 
peanuts  should  not  exceed  250°  F  (31) .    This  amount  of  heat  causes  formation 
of  free  fatty  acids.    Peanut  flour  should  not  contain  more  than  0.5%  of  free 
fatty  acids. 

Aflatoxin,  a  product  of  a  mold,  causes  an  economic  loss  and  changes  the 
odor,  taste  and  nutritive  value  of  the  peanut  (32) .    Three  approaches  to 
eliminating  aflatoxin  are  prevention,  removal  and  inactivation.    In  order  to 
prevent  aflatoxin  peanuts  should  be  kept  in  a  dry  cool  place.    Damaged  seeds 
encourage  growth  of  mold  that  may  form  aflatoxin.    If  discolored  seeds  appear, 
they  should  be  sorted  out  from  the  other  seeds.    Commercial  processing  firms 
could  use  a  solvent  mixture  that  extracts  aflatoxin  while  removing  relatively 
little  other  material,  other  than  oil.    The  studies  on  the  effectiveness  of 
heat  treatment  on  inactivating  aflatoxin  seems  controversial.    The  temperature 
required  to  destroy  the  toxin  is  above  the  maximum  heat  recommended  for 
peanuts  and  would  result  in  denatured  proteins. 

Fermented  Corn  Meal  Products 

In  some  areas,  corn  is  fermented  and  then  prepared  into  an  edible  food 
product.    The  method  seems  to  vary  from  locality  to  locality.    In  all  cases, 
the  fermented  corn  seems  to  be  a  desirable  food.    Perhaps  the  difficulty  in 
preparation  causes  it  to  be  used  less  than  regular  corn  foods. 

In  Ghana,  the  fermented  corn  product  is  called  "kenkey"  (33).  There 
they  soak  whole  corn  for  1  or  2  days  and  pour  off  the  soaking  water.    Then  it 
is  ground  into  a  partially  bolted  meal,  mixed  with  water  to  form  a  stiff  dough 
and  allowed  to  ferment  for  2  to  3  days.    Then  two-thirds  of  it  is  boiled  and 
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mixed  with  the  remaining  uncooked  fomented  corn.    The  dough  is  shaped  into 
one  pound  balls,  wrapped  in  husks  and  boiled  for  about  two  hours.    The  balls 
are  then  ready  to  eat. 

In  Nigeria,  the  people  make  "ogi"  by  steeping  whole  corn  in  water.  The 
water  is  poured  off  and  the  corn  is  wetmilled  and  finally  allowed  to  turn 
sour  (5).    The  ogi  boiled  into  a  porridge  is  called  "agidi".    Fermented  ogi 
has  a  PER  and  NRJ  that  is  inferior  to  whole  corn  meal  (34).    This  is  probably 
because  of  milling  and  sieving  which  causes  removal  of  a  considerable  portion 
of  the  hulls,  germ  and  aleurone  layer.    Fermentation  brings  about  a  slight 
enrichment  in  thiamin  and  niacin  content  of  corn  meal  but  not  above  the  amounts 
found  in  whole  corn. 

The  sour  porridge  of  Rhodesia  is  similar  to  ogi  except  that  the  Rhodesian 
women  simply  soak  ground  corn  meal  overnight  and  then  cook  it  into  a  porridge 
for  breakfast.    Rhodesian  women  do  not  pour  off  the  soaking  water. 

Factors  causing  fermentation.    Corn  fermentation  is  brought  about  by 
natural  fermentation.    Akinrele  and  Bassir  (34)  found  four  molds  present  in 
soaking  corn,  Cephalosporiun,  Fusarium,  Aspergillus  and  Penicilliura.  The 
aerobic  bacteria  present  are  Corynebacterium  michiganese,  Leuconostoc  Mecenteroids 
and  Lactobacillus  plantarum.    The  Lactobacillus  sp.  seem  to  be  responsible  for 
the  souring  process  (5).    It  is  a  nonmotile,  nonsporulating  organism  that  is 
homofermentative  (35).    Lactobacillus  can  be  isolated  from  sour  milk.    It  grows 
well  at  pH  5  and  in  temperatures  between  15  and  45°  C.    There  are  also  yeasts 
present  which  are  responsible  for  the  odor  of  the  fermented  corn.    The  yeasts 
that  Akinrele  and  Bassir  (3*0  isolated  are  Candida  Myconderma,  Sacchromyces 
cerevisias  and  Rhodotorula. 

Chemical  changes  during  fermentation.    Fermentation  is  the  decomposition 
of  complex  organic  material  into  substances  of  simple  composition  (35).    It  can 
follow  several  different  pathways  that  produce  carbon  dioxide  and  water  as 
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final  products  but  various  sugars  and  acids  as  intermediate  compounds.  First 
the  carbohydrates  of  corn  meal  are  broken  down  to  sugars.    When  simple  sugar 
solutions  are  fermented  by  yeast,  nitrogenous  material  is  released  (36). 
When  the  nitrogenous  material  was  analyzed,  it  was  found  to  be  25$  protein 
and  it  consisted  of  small  amounts  of  10  different  amino  acids.    Alanine  was 
present  in  the  largest  amounts  and  the  second  highest  was  lysine.  Yeasts 
vary  in  their  ability  to  transform  glucose  to  amino  acids  (37).    During  the 
first  eight  hours  of  fermentation  of  bourbon  mash  that  consisted  of  75$  corn, 
13$  rye  and  12$  barley  malt,  with  distillers  yeast,  flavor  components  were 
produced  from  amino  aoids.    After  that  time,  flavor  was  produced  from  carbo- 
hydrates at  an  increasing  rate.    More  flavor  originates  from  amino  acids  than 
carbohydrates  but  some  amino  acids  are  formed  during  fermentation.  The 
percent  of  protein  found  in  various  corn  products  indicate  that  there  is  less 
protein,  on  a  dry  basis,  after  fermentation. 

Akinrele  et  al.  (34)  reported  that  the  speed  of  lactic  fermentation  of 
starchy  foods  is  increased  by  enzyme-rich  materials  or  low  molecular  weight 
nitrogen  material.  They  found  that  the  Beta-amylase  enzyme  of  raw  soybeans 
accelerates  production  of  organic  acids  from  the  starch  and  dextrins  of  corn. 
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EXPERIMENTAL  PROCEDURE 

Treatment  of  Raw  Corn,  Soybeans  and  Peanuts 
White  corn  and  soybeans  were  purchased  at  the  Farmers  Cooperative 
Association  in  Manhattan,  Kansas.    The  corn  was  ground  in  the  Department  of 
Grain  Science  and  Industry  so  that  it  would  go  through  an  8/64  inch  sieve. 
This  gave  a  meal  that  contained  germ,  full  fat  and  hull.    The  hulls  of  the 
soybeans  were  cracked  and  removed  and  the  remaining  part  of  the  soybean  was 
ground  to  8/64  inch  fineness.    Raw  Spanish  peanuts  were  purchased  from  Guy's 
Foods,  Inc.,  Liberty,  Missouri.    Peanuts  with  hulls  were  put  through  a 
Kitchenaid  electric  grinding  attachment  three  times.    The  approximate  compo- 
sition of  the  raw  corn,  soybeans  and  peanuts  was  determined  by  the  methods  of 
the  Association  of  Official  Agricultural  Chemists  (AOAC)  (38).    Corn  was  suppl 
mented  with  soybeans  and  peanuts  in  the  following  combinations: 

100$  corn  (100$  C) 
90$  corn  and  10^  soybeans  (10$  S) 
80$  corn  and  ZOi  soybeans  (20$  S) 
90$  corn  and  10$  peanuts  (10$  P) 
80$  corn  and  20$  peanuts  (20$  P) 

The  analysis  of  17  amino  acids  and  the  ammonia  content  of  the  three  raw 
products,  cooked  corn  and  the  fermented  mixtures  were  done  on  a  Spinco  (Model 
120)  Amino  Acid  Autoanalyzer,  which  utilizes  ion  exchange  chromatography,  in 
the  Department  of  Grain  Science  and  Industry.    Tryptophan  was  not  determined. 

Fermentation  Study 
Five  25  g  samples  of  each  of  the  above  combinations  were  weighed  into 
glass  custard  cups.    Fifty  ml  of  distilled  water  at  28°  C  was  added  to  each 
custard  cup  at  one  and  one  half  minute  intervals  so  that  30  minutes  were  re- 
quired altogether.    The  samples  were  covered  and  allowed  to  ferment  in  an 
incubator  at  28°  C.    The  rate  of  fermentation  was  measured  by  the  change  in 
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pH  (increase  in  acidity)  of  samples  of  the  corn,  soybean  and  peanut  combina- 
tions. The  pH  of  each  sample  was  taken  on  the  expanded  scale  of  a  Fisher  pH 
meter  (standarized  to  pH  4.63)  every  hour  from  0  to  24  hours  of  fermentation 
time. 

To  determine  the  pH,  a  sample  was  removed  from  the  incubator  and  stirred 
for  30  seconds.    The  pH  meter  electrodes  were  placed  in  the  fermenting  mixture 
and  the  meter  was  allowed  to  stabilize  for  45  seconds  before  taking  the  pH 
reading.    During  the  45  second  period  the  next  sample  was  being  stirred.  Each 
sample  was  placed  back  in  the  incubator  immediately  after  the  pH  reading  was 
taken.    The  electrodes  were  cleaned  with  distilled  water  between  each  reading. 

On  one  day,  pH  readings  for  the  hours  0  and  9  to  24  were  taken  and  on 
another  day,  the  readings  for  the  hours  0  to  11  were  taken.    Thus,  there  were 
eight  replications  for  the  hours  0  and  9  to  U. 

Rat  Feeding  Study 

Preparation  of  corn  mixtures.    When  making  food  for  the  diets ,  400  g  lots 
of  the  five  combinations  of  corn,  soybeans  and  peanut  meal  were  mixed  with  800 
ml  distilled  water  and  allowed  to  ferment  for  13  hours.    The  mixtures  were 
fermented  in  glass  bowls  in  an  incubator  at  28°  C. 

An  electronic  controlled  Trunnion  kettle*  was  used  to  cook  the  five  fer- 
mented mixtures  and  an  unfermented  corn  meal  porridge.    For  each  400  g  of  meal 
soaked  in  800  ml  water,  1200  ml  of  water  was  brought  to  a  boil.    The  fermented 
mixture  was  added  to  the  boiling  water  and  cooked  for  30  minutes  on  the  medium 
setting.    The  unfermented  corn  meal  was  cooked  in  the  same  amount  of  water  as 
the  fermented  corn  meal.    The  cooked  porridge  was  spread  one  fourth  inch  or 
less  in  thickness  on  cookie  sheets.    These  pans  of  porridge  were  dried  for  12 
hours  at  room  temperature  with  fans  to  circulate  the  air.    The  dried  chips  were 

^otpoint  distributed  by  General  Electric  Co.,  Chicago,  111. 
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ground  in  a  hammer  mill  with  a  medium  sieve.    Each  mixture  was  analyzed  for 
protein,  moisture,  fat  and  ash  (38). 

Mixing  diets.    Corn  oil,  corn  starch,  salt  mixture  XIVs  and  vitamins  were 
added  to  each  of  these  products  to  make  up  diets  according  to  the  AOAC  (38). 
It  was  necessary  to  use  a  9$  protein  level  since  this  was  the  highest  possible 
level  in  diets  containing  100ft  corn.    For  the  control  diet  casein  was  used  as 
the  source  of  protein. 

Animals  and  their  care.    Fifty-six  weanling  male  albino  rats  of  the 
Sprague-Dawley  strain  were  divided  into  7  groups  so  that  each  group  weighed 
approximately  the  same.    The  rats  were  placed  in  cages  so  that  each  diet  was 
represented  by  two  rats  at  each  of  the  four  rack  levels.    Food  and  water  were 
given  ad  libitum.    Feed  cups  were  filled  each  morning.    For  a  four  week  period, 
records  were  kept  of  food  intake  and  weight  gain  for  each  week.    Fecal  material 
was  collected  for  the  second  and  third  week  of  the  experimental  period  for 
determination  of  digestibility.    The  nitrogen  content  of  the  feces  was  deter- 
mined by  the  macro  Kjeldahl  method  with  boric  acid  modification  (W.).  Protein 
efficiency  ratio  (PER)  and  apparent  digestibility  coefficient  were  calculated 
from  the  following  formulas: 

Protein  Efficiency  Ratio  =  S  Bod7  Weight  Gain 

g  Protein  Ingested 

Apparent  Digestibility  Coefficient  =  5  Inta„e"  N. in  Feces    X  100 

Statistical  Analysis 

The  degree  of  acidity  developed  by  the  different  fermented  mixes  and  the 
rates  of  increase  in  acidity  were  analyzed  statistically.    Logistic  curves  were 
made  to  convert  the  pH  -  time  curves  into  straight  line  trends  to  permit  easy 

aNutritional  Biochemical  Corporation,  Cleveland,  Ohio 
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study  of  differences  between  the  rates  of  development  of  acidity  of  the  five 
mixtures. 

Analysis  of  variance  were  made  on  food  intake,  weight  gain,  PER  and 
digestibility  coefficient  to  determine  the  differences  attributable  to  protein 
source  in  the  rat  diets.    Fisher1 s  least  significant  difference  at  the  %  level 
(LSD0.05)  was  ^P1*-65*  to  detect  which  diets  were  significantly  different. 
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RESULTS  AND  DISCUSSION 

Rate  of  Fermentation 
The  rate  of  fermentation  of  corn  can  be  determined  by  rate  of  change  in 
pH  since  the  process  of  breaking  down  the  complex  molecules  in  corn  causes 
the  formation  of  various  acids.    A  pH  of  7  is  neutral  and  lower  values  indicate 
an  acid  condition. 

Table  2  shows  the  mean  pH  readings  for  the  five  mixtures  of  corn,  soybeans 
and  peanuts  at  each  hour  from  0  to  24  while  all  readings  are  found  in  Table  10 
in  the  Appendix.    The  0  hour  pH  readings  for  the  five  mixtures  were  between 
6.13  and  6.45.    There  was  little  change  in  pH  for  the  first  8  hours  of  fermen- 
tation.   During  this  time  some  mixtures  decreased  in  pH  and  then  returned  to 
the  beginning  pH  values.    The  order  of  pH  values  for  the  mixtures  remained  the 
same  for  the  first  10  hours  after  which  the  10$  and  20$  peanut  mixtures  had 
the  lowest  and  third  from  lowest  pH  values  instead  of  second  and  fourth  from 
lowest  of  pH  values.    At  the  end  of  the  24  hour  period,  the  100$  corn  mixture 
had  the  lowest  pH  of  all  mixtures  and  the  10$  and  20$  peanut  mixtures  were 
second  and  third  from  lowest  in  pH.    The  two  soybean  mixtures  were  the  least 
acidic  for  all  hours  after  the  tenth  hour. 

The  most  rapid  change  in  pH  occurred  between  the  tenth  and  eighteenth 
hours  of  fermentation.    All  of  the  mixtures  passed  through  a  pH  of  5.5  between 
the  twelfth  and  fourteenth  hours  of  fermentation.    Aidoo  (33)  stated  that  the 
flavor  of  kenkey  was  best  liked  when  it  was  fermented  to  pH  5.5,  however 
Aidoo  (33)  found  that  kenkey  had  a  pH  of  5.2  at  36  hours  of  fermentation. 

Limitations  on  time  and  facilities  caused  the  pH  readings  for  the  times  from 
1  to  8  hours,  inclusive,  after  the  mixtures  were  incubated  to  be  taken  at  a 
later  date  than  those  from  9  to  24  hours,  inclusive.    However,  common  readings 
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were  taken  at  zero,  9,  10  and  11  hours.    It  was  noted  that  the  second  set  of 

pH  readings  (for  0,  1,...,  11  hours)  averaged  higher  at  the  times  in  common; 

namely,  0,  9,  10  and  11  hours.    A  free-hand  curve  was  used  to  correct  the  0, 

lt.,.,  11  hour  pHs  down  to  the  level  of  the  0,  9,  10,...,  24  hour  pHs  taken 

previously.    This  process  is  shown  in  Figure  1.    Thus,  the  pH  found  for  0  hour 

the  second  time  was  reduced  by  0.0?;  that  taken  at  1  hour  was  also  reduced  by 

0.07,...;  and  that  pH  obtained  at  8  hours  was  reduced  by  0.17  of  a  unit.  The 

average  pHs  for  each  time  and  mix  were  analyzed  for  changes  with  time. 

Correction  units 
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Hours  of  f ertuentation 

Figure  1   Amounts  of  adjustment  for  pH  values  of  the  second  set  of  readings. 

When  the  corrected  pH  readings  were  averaged  and  plotted  against  time  in 
hours,  such  graphs  as  those  seen  in  Figure  2  were  obtained.    Because  pH  =  7  is 
neutral  and  smaller  values  indicate  acidity,  the  data  were  converted  to 
measure  of  acidity  by  setting  y  =  7.00  -  pH. 

The  graphs  then  appear  as  illustrated  in  Figure  3.  These  graphs  suggest 
either  a  cumulative  normal  change  in  acidity  with  time  or  a  logistic  increase 
in  acidity  with  time.    The  latter  point  of  view  is  the  more  logical,  and 
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Figure  2   Average  corrected  pH  readings  for  the  fermented  mixtures  of  corn, 
soybeans  and  peanuts. 
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turned  out  to  be  the  realistic  assumption.    Attempts  to  fit  cumulative  normal 
curves  were  unsuccessful,  whereas  logistic  curves  do  fit  well. 
7  =  7  -  pH 
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Figure  3    Fermentation  curves  when  pH  data  is  converted  to  7  =  7  -  pH. 
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The  logistic  curve  devised  by  P.  F.  Verhulst  in  l&Vt  to  describe  growth 
of  human  populations  has  the  mathematical  formula 
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y  -  d  =  _JL__  , 
y  1  +  ce^t 

where  d  and  K  measure  distances  to  lower  and  upper  asymptotes,  respectively, 
and  t  =  time  (39).    The  c  is  an  extra  constant.    It  can  be  shown  that  if 

1  -  k-y*d,  then  log  Z  is  a  linear  function  of  t.    This  fact  enables  one 
y-d 

to  convert  the  pH-time  curves  into  straight  line  trends,  and  thus  permits  easy 
study  of  differences  among  the  rates  of  development  of  acidity  associated  with 
the  five  mixtures  of  meals.    The  readings  for  0,  1,  2,  3  and  k  hours  were 
sufficiently  erratic  and  uninformative  that  they  were  omitted  from  further 
study.    Figures  k  and  5  illustrate  how  differences  between  y  and  z  appear 
graphically. 

An  IBM  360/50  program  was  used  to  analyze  the  differences  in  pH  produced 
by  the  five  mixtures  of  meals  during  2k  hours  of  incubation.    The  differences, 
if  statistically  significant,  are  shown  by  rejection  of  the  hypothesis  that 
the  true  regressions  of  log  Z  on  time  are  equal.    Table  3  shows  an  analysis 
of  variance  which  tests  that  hypothesis  plus  the  hypothesis  that  the  levels 
of  pH  are  equal  among  the  five  mixtures  of  meals. 

Table  3  -  Tests  for  equality  of  degree  of  acidity  and  also  equality  of  rates 


Source  of  Variation 

DF 

Mean  Square 

Significant  Level 

Degree  of  Acidity 

k 

0.0356 

P  <  .05 

Rates  of  Change  in  Acidity 

k 

O.O636 

P  <  .005 

Deviation  of  True  Average 

regression  from  zero 

1 

93.6093 

P  <  .001 

Error 

JO 

0.0139 

Total 

99 

It  is  clear  from  Table  3  that: 

a)   There  are  differences  in  degree  of  acidity  developed  by  the  different 
mixtures; 
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Figure  k   Linear  relationship  of  pH  and  time  for  corn  and  soy  mixtures. 
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Figure  5   Linear  relationship  of  pH  and  time  for  corn  and  peanut  mixtures. 
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b)    There  are  differences  in  rates  of  change  in  acidity  with  time  tinder 
the  different  mixtures  of  meals. 

Differences  in  rates  of  change  in  acidity  of  the  mixtures  is  summarized 
in  Table  4.    For  example,  the  rate  of  change  in  acidity  with  10$  soybean  meal 
and  90$  corn  meal  was  found  to  be  -0.1804,  as  measured  in  this  study  by  using 
logarithms  to  obtain  linear  relationships  between  time  and  the  change  in 
acidity.    With  100$  corn  meal,  this  rate  is  -0.1?02.    The  difference  between 
-.1804  and  -.1702  is  0.0102  and  is  essentially  at  the  10$  level  of  signifi- 
cance.   It  is  too  small  to  be  considered  significant  at  the  5$  level.  There- 
fore, the  numbers  -0.1804  and  -0.1702  are  not  over  a  common  solid  line  but 
they  are  over  a  common  dotted  line  (for  lack  of  %  significance). 

Table  4  -  Individual  comparisons  of  rates  of  change  in  acidity  among  mixtures 

of  meals,  at  the  10$  (  )  and  %  (  )  levels  of  significance.  The 

rates  (regression  coefficients)  are  shown  for  log  Z  as  a  linear  function  of 
time  

Mixture  of  meals 

 10%  s        jjg  p       100^  c        ic&  p        2o4  s 

(-.1804)      (-.1709)      (-.1702)     (-.1613)  (-.1552) 

level   

5$  level   

1036  level   

5i  level   

10%  level   

1055  level   

Coefficients  (such  as  -0.1804  and  -0.1709)  above  a  common  solid  line  are  not 
significantly  different  at  the  100  level.    Coefficients  above  a  common  dotted 
line  are  not  significantly  different  at  the  %  level,    (e.g.,  -0.1804  and 
-0.17027. 

Table  4  indicates  that: 

a)   The  substitution  of  10)5  soybean  meal  for  corn  meal  significantly 
increases  the  rate  of  change  in  acidity  with  time  at  the  10$  level  of 
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significance  but  not  at  the  5^  level.    The  substitution  of  20$ 
soybean  meal  has  a  more  striking  effect  but  in  the  opposite 
direction;  i.e.,  the  rate  of  decline  is  decreased.    It  also  is 
significant  at  the  5$  level  instead  of  the  10$  level, 
b)   The  substitution  of  peanut  meal  for  corn  meal  in  the  amounts  used 

does  not  change  its  rate  of  change  in  acidity  significantly  away  from 
that  produced  by  100$  corn  meal.    Increasing  the  percentage  of 
peanut  meal  from  10  to  20  significantly  increases  that  rate  if  one 
used  a  10$  level  of  significance,  but  not  at  the  5&  level.    That  is, 
one  is  less  confident  that  this  change  in  amount  of  peanut  meal 
affects  the  rate  of  change  in  acidity  than  is  true  with  soybean 
meal.    Furthermore,  the  change  is  in  the  opposite  direction. 

Composition  of  Corn,  Soybean  and  Peanut  Mixtures 
Total  protein,  moisture,  fat  and  ash  content.    The  amounts  of  nitrogen, 
moisture,  fat  and  ash  of  each  of  the  raw  products  used  in  this  experiment  and 
the  composition  of  the  mixtures  after  treatment  are  given  in  Table  5.  The 
soybeans  had  about  four  times  as  much  protein  as  corn  while  the  peanuts  had 
about  three  times  as  much  protein  as  corn.    Replacement  of  corn  by  soybeans  at 
the  10  and  20$  levels  caused  30  and  50$  increases  in  protein  above  the 
fermented  100$  corn.    Peanut  supplementation  at  10  and  20$  levels  gave  in- 
creases in  protein  of  20  and  40$  over  fermented  100$  corn. 

Moisture  content  of  the  mixtures  were  nearly  the  same.    Fat  content  of 
the  peanut  mixtures  were  higher  than  other  mixtures.    There  was  little 
difference  in  ash  content  of  the  treated  mixtures  although  the  ash  content  of 
the  raw  products  did  vary. 
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Table  5  -  Composition  of  raw  products  and  com,  soybean  and  peanut  mixtures 
after  cooking  and  drying 


Products  and  Nutrients 


Treatments 

Moisture 

Protein3, 

Fat 

Ash 

Carbohydrate^ 

Protein  Moist 
free  basis 

Raw  products 

i 

i 

i 

$ 

$ 

Corn 

14.  92 

8.91 

3. 08 

1.59 

71.50 

10.47 

Soybeans 

9.12 

35.74 

17.83 

5.44 

31.87 

39.33 

Peanuts 

5.80 

28.50 

1   r  -1-1 

46.11 

2.24 

17.35 

30.25 

Cooked  mixtures 

Unfermented 

corn 

9.76 

9.50 

2.24 

1.26 

10.53 

Fermented 

10($  c 

8.30 

10.32 

2.84 

1.58 

11.25 

10$  S 

7.91 

13.06 

3.68 

1.98 

14.18 

20%  s 

9.07 

15.33 

4.72 

1.05 

16.86  . 

1096  p 

8.02 

12.07 

5.58 

1.50 

13.12 

20-2  P 

7.13 

14.16 

8.43 

1.64 

15.25 

gJ  x  6.25 

determined  by  difference  of  preceding  values 


Amino  acid  composition.    Table  6  shows  the  amino  acid  analysis  of  the 
raw  products,  cooked  corn  and  the  fermented  cooked  combinations  of  corn, 
soybeans  and  peanuts.    The  fact  that  the  recovery  on  the  protein  basis  ia 
near  100  for  each  chromatogram  and  the  recovery  on  the  nitrogen  basis  is 
between  80  and  100  show  that  these  data  are  reliable. 

Most  of  the  amino  acids  were  decreased  by  cooking  unfermented  corn  except 
for  glutamic  acid,  alanine,  cystine  and  methionine  which  increased  slightly. 
The  fermentation  process  caused  an  increase  of  0.1  to  0.3  gram  in  amino  acids 
of  cooked  corn  except  for  threonine,  methionine,  leucine  and  tyrosine.  In- 
crease in  lysine  and  valine  may  be  due  to  the  presence  of  yeast  since  it  is 
high  in  these  amino  acids.    Values  for  isoleucine  and  leucine  are  closer  in 
the  fermented  corn  than  in  the  raw  corn.    Yeast  has  a  balance  of  these  two 
amino  acids. 

A  substitution  of  10$  soybean  for  corn  caused  an  increase  in  almost  all 
of  the  amino  acids  in  the  fermented,  cooked  corn.    When  20$  soybean  was 
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substituted  for  corn,  increases  in  valine  and  methionine  were  not  as  great  as 
with  10$  soybean  substitution.    The  20$  soybean  caused  the  amount  of  lysine, 
aspartic  acid  and  isoleucine  to  double. 

Peanut  supplementation  resulted  in  smaller  increases  in  amino  acids  than 
the  soybean.    However,  the  fermented  20$  peanut  mixture  had  slightly  higher 
amounts  of  arginine  and  valine  than  the  20&  soybean  mixture. 

As  can  be  seen  in  Table  7,  the  most  limiting  amino  acid  in  each  of  the 
corn  mixtures  was  tryptophan  and  values  for  tryptophan  are  quoted  from  Orr 
and  Watt  (40)  since  it  was  not  determined.    The  second  most  limiting  amino 
acid  for  corn  in  this  experiment  was  methionine.    When  corn  was  cooked,  lysine 
was  destroyed  so  that  it  was  the  second  most  limiting  amino  acid  for  the 
cooked  corn.    Fermentation  increased  lysine  content  so  that  methionine  was 
again  the  second  most  limiting  amino  acid  in  all  the  fermented  mixtures 
except  the  10$  peanut  mixture.    Both  mixtures  supplemented  with  peanuts  had 
a  low  amount  of  lysine.    The  other  limiting  amino  acid  in  corn  was  isoleucine. 
Neither  fermentation  or  cooking  or  supplementation  changed  the  isoleucine 
content  greatly. 

Rat  Feeding  Study 

The  food  consumption,  body  weight  gain,  protein  efficiency  ratio  (PER) 
and  digestibility  coefficient  for  each  of  the  animals  are  presented  in  the 
Appendix,  Table  11.  The  mean  values  for  food  consumed,  weight  gain  and  pro- 
tein efficiency  ratio  for  the  seven  diets  are  in  Table  8.  The  mean  apparent 
degestibility  coefficient  for  each  diet  is  in  Table  9.  Mean  values  for  each 
factor  were  used  for  discussion.  F  values  and  least  significant  differences 
at  the  5#  level  for  each  factor  are  included  in  the  tables. 

Food  intake.    The  fermented  corn  had  a  sour  flavor  and  aroma  when 
compared  to  the  unfermented  corn  but  there  was  no  significant  difference  in 
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amounts  of  feed  consumed  by  rats  on  fermented  and  unfermented  100^  corn  diets. 
Supplementation  of  corn  with  10$  and  20$  soybeans  resulted  in  significant  in- 
creases in  food  intake.    Food  intake  was  very  similar  for  the  rats  on  the  20$ 
soybean  diet  and  those  on  the  casein  diet.    Rats  on  the  20$  soybean  and  the 
casein  diets  consumed  more  than  rats  on  the  10$  soybean  diet  but  the  amount 
was  not  significant.    The  rats  on  the  10$  peanut  diet  consumed  significantly 
less  than  rats  on  the  20$  peanut  diet. 

Weight  gain.    The  pattern  of  weight  gain  for  the  groups  of  rats  was 
similar  to  that  of  food  intake.    The  difference  between  weight  gain  of  rats 
fed  fermented  and  unfermented  100$  corn  diets  was  not  significant.  Supple- 
mentation with  10$  soybeans  brought  about  a  significantly  greater  weight  gain 
than  the  100$  corn  diets.    Moreover,  weight  gain  was  significantly  greater 
for  the  20&  soybean  diet  than  for  the  10$  soybean  diet.    There  were  no  signi- 
ficant differences  for  weight  gain  among  the  two  100$  corn  diets  and  the  20$ 
peanut  diet  but  weight  gain  for  the  10$  peanut  diet  was  significantly  lower 
than  for  all  other  diets.    Weight  gain  was  significantly  greater  for  the 
casein  diet  than  for  any  of  the  corn  diets. 

Protein  efficiency  ratio.    A  casein  diet  is  expected  to  give  a  PER  of 
2.50  or  higher.    The  PER  of  the  casein  diet  in  this  experiment  was  2.818.  In 
Table  8  both  the  PER  values  and  the  PERs  corrected  to  casein  (2.50)  are  given, 
but  the  uncorrected  values  will  be  used  for  discussion. 

The  fermented  and  unfermented  100$  com  diets,  with  PERs  of  1.84-3  and 
1.835  respectively,  were  not  significantly  different.    Akinrele  and  Bassir  (35) 
found  unfermented  ogi,  a  cooked  corn  product  used  in  Nigeria,  to  have  a  higher 
PER  (0.86)  than  fermented  ogi  (0.77).    The  PER  values  for  both  ogi  diets  were 
lower  than  values  found  in  this  study  because  in  preparation  of  ogi  the 
soaking  water  is  discarded.    This  is  not  true  of  the  preparation  of  fermented 
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porridge  in  Rhodesia. 

The  PER  of  the  casein  diet  was  significantly  higher  than  those  of  all 
other  diets.    However,  the  20$  and  10$  soybean  diets  had  relatively  high  PERs 
of  2.574  and  2.306,  respectively.    These  PER  values  were  significantly  dif- 
ferent from  each  other  and  both  were  significantly  higher  than  those  of  all 
the  other  diets.    There  were  no  significant  differences  among  the  PERs  for 
the  unfermented  10O&  corn  (1.835),  fermented  100$  corn  (1.843),  102  peanut 
(1.777)  and  20$  peanut  (1.788)  diets. 

Table  8  -  Mean  values,  F  -  values  and  least  significant  differences  for 
food  consumed,  weight  gain  and  protein  efficiency  ratio 

Protein  Source  Food  Intake         Weight  gain      PER     PER  corrected 

to  casein  2.50 


1. 

Casein 

351.1 

97.8 

2.818 

2. 

Unfermented 

100$  corn 

274.4 

43.5 

1.835 

1.628 

3. 

Fermented 

100$  Corn 

279.8 

42.2 

1.843 

1.635 

4. 

10$  soy 

333.5 

69.0 

2.306 

2.045 

5. 

20$  soy 

355.1 

78.0 

2.574 

2.283 

6. 

10$  peanut 

2*9.2 

34.1 

1.777 

1.576 

7. 

20$  peanut 

293.8 

47.1 

1.788 

1.586 

F  - 

value 

10.320 

67.246 

28.653 

LSD  .05 

44.0 

8.0 

0.072 

5,1>  7,3,2,6 

1>  5,4,7,2,3,6 

1>  5,4,3,2,7,6 

4>  3,2,6 

5>  4,7,2,3,6 

5>  4,3,2,7,6 

7>6 

4>  7,2,3,6 

4>  3,2,7,6 

7V2,3>  6 

Digestibility  coefficient.    The  casein  diet  was  the  most  digestible  of 
the  seven  diets  with  an  apparent  digestibility  coefficient  of  96.5. 
Digestibility  coefficients  of  the  other  diets  ranged  from  90. 0  to  91.8.  The 
unfermented  100$  corn  diet  was  more  digestible  (P<0.05)  than  the  fermented 
100$  corn  diet.    Akinrele  and  Bassir  (34)  found  fermented  ogi  to  be  more 
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digestible  than  unfermented  ogi,    Sinoe  fermentation  causes  a  breakdown  of 
complex  compounds,  it  seems  logical  that  fermented  corn  would  be  more 
digestible  than  unfermented  corn.    It  is  not  known  why  fermented  corn  in  thi6 
experiment  was  not  as  digestible  as  unfermented  corn. 

Supplementation  with  10$  soy,  20$  soy  and  20$  peanut  resulted  in 
digestibility  coefficients  that  were  not  significantly  different  from  the  un- 
fermented 10O&  corn  diet.    However,  the  digestibility  coefficient  of  the  10$ 
peanut  diet  was  significantly  lower  than  all  of  the  diets  except  the  fermented 
100$  corn  diet. 

Table  9  -  Mean  values,  P  -  value  and  least  significant  differences  for 
apparent  digestibility  coefficient  

Protein  Source  Apparent  Digestibility  Coefficient  

1.  Casein  96. 5 

2.  Unfermented  100$  corn  91.7 

3.  Fermented  100$  corn  90.Q 

4.  10$  soybean  9I.8 

5.  20$  soybean  91.2 

6.  10$  peanut  90.0 

7.  20$  peanut  91.2 

F  -  value  52.112 

ISD.05  0.9 

1>4,2,7,5,3,6 
4,2,7,5>3,6 


Relationship  of  food  intake,  weight  gain,  PER  and  digestibility.  Diets 
which  were  consumed  in  large  amounts  resulted  in  good  weight  gains  and  high 
PER  values.    The  only  significant  difference  between  the  fermented  and  un- 
fermented 100$  corn  diets  was  in  apparent  digestibility. 

The  rats  on  the  20$  soybean  diet  had  approximately  the  same  food  intake 
as  rats  on  casein  but  their  weight  gain  and  PER  was  less  than  for  the  casein 
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diet.    Perhaps  this  was  because  the  20$  soybean  diet  had  a  lower  apparent 
digestibility.    The  10i  soybean  diet  was  third  from  highest  in  all  factors 
studied.    It  appears  that  addition  of  soybean  meal  at  either  10$  or  20$  levels 
improved  the  nutritional  value  of  fermented  corn. 

Although  rats  on  the  20$  peanut  diet  consumed  more  feed  and  had  a  greater 
weight  gain  than  the  rats  on  the  10$  peanut  diet,  PERs  for  the  two  diets  were 
almost  identical.    Addition  of  10$  or  20$  peanut  meal  did  not  enhance  the 
nutritional  value  of  fermented  corn.    In  fact,  the  10$  peanut  meal  lowered 
food  intake,  weight  gain,  PER  and  digestibility  coefficient.    These  values 
were  significantly  lower  for  weight  gain  and  digestibility. 
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SUMMARY 

The  effect  of  supplementation  with  10$  and  20$  soybean  (10$  S,  20$  S) 
and  10$  and  20$  peanut  (10$  P,  20$  P)  on  the  rate  of  fermentation  of  corn 
meal  (100$  C)  was  examined.    Also,  the  protein  quality  of  cooked  unfermented 
corn  (unfermented  100$  C)  was  compared  to  fermented  cooked  corn  (fermented 
100$  C)  and  the  four  fermented  mixtures  of  corn,  soybean  and  peanut  meals. 

Rate  of  fermentation  over  a  24  -  hour  period  at  28°  C  was  measured  by 
change  in  pH  of  a  25  gram  sample  of  each  of  the  five  mixtures  combined  with 
50  ml  of  distilled  water.    For  rat  diets,  400  gram  lots  of  the  five  com 
mixtures  were  fermented  in  800  ml  distilled  water  for  13  hours  which  produced 
a  pH  of  approximately  5.5.    The  fermented  meal  was  boiled  in  an  additional 
1200  ml  of  water  for  30  minutes  to  form  a  porridge.    It  was  then  dried  at 
room  temperatures  and  ground  into  a  meal.    A  diet  of  unfermented  100$  corn 
was  prepared  in  the  same  manner.    The  dried  corn  mixtures  served  as  the  source 
of  9$  protein  for  the  rat  diets.    Oil,  corn  starch,  salt  mixture  and  vitamins 
were  added  to  complete  the  diets.    Each  of  the  diets  were  analyzed  for  content 
of  17  amino  acids  and  ammonia.    Feed  consumed,  weight  gain,  PER  and  apparent 
digestibility  were  determined  for  the  six  corn  diets  plus  a  casein  control 
diet. 

The  corn  mixtures  had  initial  pHs  of  6.13  to  6.45  and  24  hour  pHs  ranging 
from  4.00  to  4.35.    Each  of  them  reached  a  pH  of  5.5  after  12  to  14  hours  of 
fermentation.    The  substitution  of  10$  soybean  meal  for  corn  meal  increased 
(P<0.05)  the  rate  of  change  in  acidity  but  substitution  of  20$  soybean  meal 
decreased  (P<0.05)  the  rate.    The  substitution  of  20$  peanuts  resulted  in  a 
faster  change  in  acidity  than  substitution  of  10$  peanut  (P<0.10)  but  neither 
of  the  levels  of  substitutions  of  peanuts  changed  the  rate  of  change  in  acidity 
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significantly  from  that  produced  by  100%  corn  meal. 

Amino  acid  analysis  of  raw  and  unfermented  cooked  corn  indicated  that 
cooking  decreased  most  of  the  amino  acids.    Fermentation  before  cooking 
resulted  in  a  slight  increase  in  most  amino  acids  as  compared  to  raw  corn. 
The  second  most  limiting  amino  acid  was  methionine  in  all  fermented  mixtures 
except  the  10%  peanut  mixture. 

Although  fermentation  resulted  in  improvement  in  amino  acid  content  of 
100$  corn,  food  consumed,  weight  gain  and  PER  were  not  changed  and  the  apparent 
digestibility  was  decreased.    Substitution  of  soybean  meal  at  either  10$  or 
20%  levels  improved  the  utilization  of  fermented  corn  in  that  rats  consumed  more 
feed,  gained  more  weight  and  had  higher  PERs.    Substitution  of  10%  and  20% 
peanut  meal  did  not  enhance  the  nutritional  value  of  fermented  corn. 
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APPENDIX 


Table  10  -  The  pH  readings  during  2k  hours  of  fermentation  time 

Mixture 

Hours  of    100%  c   

fermentation  Mixture  #1   Mixture  #2   Mixture  #3   Mixture  fi  Mixture  #5 
Day  Day  Day  Day  Day 

#2~ 


0 

6.08 

6.09 

6.12 

6.14 

6.06 

6.14 

_JT_-_ 

6.05 

6.15 

6.07 

6.17 

1 

6.15 

6.14 

6.17 

6.23 

6.19 

2 

6.19 

6.22 

6.22 

6.28 

6.22 

3 

6.26 

6.28 

6.27 

6.21 

6.25 

4 

6.16 

6.18 

6.18 

6.25 

6.21 

5 

6.14 

6.19 

6.21 

6.22 

6.24 

6 

6.19 

6.20 

6.20 

6.17 

6.19 

7 

6.14 

6.15 

6.15 

6.13 

6.15 

8 

6.10 

6.19 

6.15 

6.09 

6.12 

9 

5.91 

6.13 

5.93 

6.19 

5.89 

6.13 

5.84 

6.02 

5.86 

6.09 

10 

5.84 

6.09 

5.83 

6.09 

5.81 

6.08 

5.78 

5.94 

5.76 

6.04 

11 

5.80 

6.01 

5.80 

5.99 

5.80 

5.97 

5.74 

5.77 

5.99 

12 

5.72 

5.73 

5.74 

5.76 

5.68 

13 

5.53 

5.51 

5.54 

5.55 

5.49 

14 

5.18 

5.12 

5.18 

5.15 

5.09 

15 

4.86 

4.75 

4.79 

4.80 

4.72 

16 

4.56 

4.49 

4.53 

4.52 

4.46 

17 

4.46 

4.36 

4.37 

4.40 

4.37 

18 

4.32 

4.25 

4.24 

4.28 

4.23 

19 

4.21 

4.15 

4.15 

4.19 

20 

4.13 

4.12 

4.12 

4. 16 

4.12 

21 

4.12 

4.09 

4.09 

4.10 

/  A£ 

4.06 

22 

4.07 

4.05 

4.05 

4.07 

/  A/ 

4.04 

23 

4.07 

4.05 

4.03 

4.06 

/  Art 

4.02 

24 

4.01 

4.00 

4.00 

4.02 

3.99 

107.  S 

0 

6.29 

6.34 

6.29 

6.34 

6.30 

6.33 

6.27 

6.32 

6.26 

6.35 

1 

6.36 

6.36 

6.35 

6.34 

6.37 

2 

6.36 

6.34 

6.34 

6.35 

6.37 

3 

6.37 

6.35 

6.37 

6.35 

6.36 

4 

6.31 

6.31 

6.32 

6.30 

6.32 

5 

6.38 

6.34 

6.32 

6.35 

6.33 

6 

6.31 

6.31 

6.31 

6.31 

6.32 

7 

6.27 

6.26 

6.26 

6.26 

6.26 

8 

6.25 

6.26 

6.24 

6.27 

6.26 

9 

6.19 

6.22 

6.07 

6.20 

6.08 

6.20 

5.99 

6.24 

6.03 

6.19 

10 

6.05 

6.15 

5.95 

6.12 

5.98 

6.10 

5.96 

6.17 

5.97 

6.11 

11 

5.99 

6.11 

5.98 

6.02 

5.93 

6.08 

5.91 

6.12 

5.89 

6.08 

12 

5.92 

5.91 

5.77 

5.84 

5.79 

13 

5.76 

5.81 

5.49 

5.63 

5.61 

14 

5.43 

5.50 

5.11 

5.31 

5.27 

15 

5.08 

5.07 

4.88 

4.88 

4.93 

16 

4.83 

4.79 

4.73 

4.70 

4.72 

43 


Table  10  (cont.) 


Hours  of 
fermentation 


Mixture  #1 
Day 


Mixture  #2 
Day 


Mixture 
10%  S  Coont.) 


Mixture  #3 


Mixture  #4 
Day 


Mixture  #5 
Day 


#i    #2    #1    #2  ^iir  a    gr  g  ^2 


17 

4.69 

4.68 

4.66 

4.59 

4.61 

18 

4.53 

4.50 

4.55 

4.46 

4.48 

19 

4.44 

4.39 

4.46 

4.38 

4.39 

20 

4.41 

4.35 

4.45 

4.34 

4.35 

21 

4.35 

4.30 

4.41 

4.30 

4.32 

22 

4.32 

4.26 

4.38 

4.27 

4.29 

23 

4.28 

4.21 

4.34 

4.23 

4.24 

24 

4.25 

4.18 

4.29 

4.20 

4.22 

20%  S 

0 

1 

2 
3 
4 
5 
6 


o 

6.43 

6  AA 

6  A3 

(\  A1? 

A  AO 

O  *HJ 

0.41 

6.45 

6.38 

6.45 

1 

6.47 

6.45 

6.45 

6  AS 

A  Afi 

2 

6.44 

6.44 

6.45 

6.45 

6.44 

3 

6.44 

6.43 

6.43 

6.43 

6.42 

4 

6.41 

6.40 

6.40 

6.40 

6.40 

5 

6.44 

6.43 

6.42 

6.42 

6.42 

6 

6.38 

6.41 

6.42 

6.39 

6.38 

7 

6.31 

6.35 

6.36 

6.34 

6.33 

8 

6.20 

6.34 

6.28 

6.31 

6.29 

6.33 

9 

6.34 

6.21 

6.33 

6.18 

6.32 

6.20 

6.32 

6.19 

6.30 

10 

6.14 

6.27 

6.09 

6.24 

6.09 

6.26 

6.08 

6.21 

6.09 

6.18 

11 

5.90 

6.22 

6.05 

6.19 

6.00 

6.13 

6.08 

6.16 

6.07 

6.13 

12 

5.68 

5.98 

5.79 

5.98 

5.98 

13 

5.50 

5.86 

5.48 

5.78 

5.91 

14 

5.23 

5.65 

5.10 

5.39 

5.65 

15 

5.02 

5.34 

4.94 

5.04 

5.20 

16 

4.85 

5.04 

4.77 

4.84 

4.99 

17 

4.78 

4.89 

4.73 

4.77 

4.82 

18 

4.63 

4.69 

4.60 

4.61 

4.64 

19 

4.57 

4.57 

4.51 

4.49 

4.51 

20 

4.51 

4.52 

4.50 

4.47 

4.45 

21 

4.49 

4.48 

4.45 

4.43 

4.42 

22 

4.45 

4.44 

4.42 

4.39 

4.38 

23 

4.42 

4.38 

4.38 

4.39 

4.33 

24 

4.40 

4.36 

4.34 

4.33 

4.30 

10%  P 


6.16 


6.29 
6.31 
6.32 
6.31 
6.29 
6.28 
6.32 


6.17 


6.31 
6.27 
6.33 
6.36 
6.32 
6.28 
6.29 


6.14 


6.27 
6.29 
6.31 
6.32 
6.32 
6.29 
6.25 


6.18 


6.27 
6.30 
6.31 
6.32 
6.22 
6.26 
6.25 


6.16 


6.26 
6.31 
6.30 
6.32 
6.27 
6.30 
6.25 


to 


Table  10  (cont.)  

Mixture 

Hours  of  103&  P  (cont.) 

fermentation   Mixture  #1   Mixture  #2   Mixture  #3   Mixture  #4  Mixture  #5 
Day  Day  Day  Day  Day 


#1       #2       #1       #2       #1       #2       #1       #2       #1  #2 


7 

6.23 

6.25 

6.22 

6.22 

6.22 

8 

6.14 

6.20 

6.21 

6.21 

6.21 

9 

5.98 

6.16 

5.99 

6.20 

5.94 

6.20 

5.91 

6.19 

5.90 

6.18 

10 

5.84 

6.05 

5.86 

6.12 

5.73 

6.10 

5.84 

6.09 

5.82 

6.07 

11 

5.82 

5.98 

5.80 

6.04 

5.62 

6.02 

5.80 

6.00 

5.79 

6.00 

12 

5.73 

5.73 

5.39 

5.74 

5.68 

13 

5.58 

5.64 

5.09 

5.53 

5.45 

14 

5.27 

5.31 

4.77 

5.10 

5.16 

15 

4.90 

4.88 

4.56 

4.73 

4.75 

16 

4.62 

4.59 

4.45 

4.54 

4.56 

17 

4.49 

4.50 

4.39 

4.48 

4.46 

18 

4.32 

4.31 

4.29 

4.34 

4.33 

19 

4.24 

4.23 

4.23 

4.28 

4.27 

20 

4.19 

4.18 

4.21 

4.24 

4.22 

21 

4.14 

4.14 

4.18 

4.20 

4.19 

22 

4.11 

4.08 

4.15 

4.17 

4.17 

23 

4.07 

4.05 

4.10 

4.12 

4.09 

24 

4.03 

4.02 

4.06 

4.11 

4.10 

20%  P 

0 

6.29 

6.39 

6.30 

6.38 

6.29 

6.38 

6.29 

6.40 

6.30 

6.39 

1 

6.39 

6.38 

6.39 

6.39 

6.43 

2 

6.40 

6.39 

6.40 

6.40 

6.40 

3 

6.40 

6.39 

6.39 

6.39 

6.40 

4 

6.37 

6.38 

6.39 

6.39 

6.30 

5 

6.33 

6.36 

6.37 

6.40 

6.36 

6 

6.35 

6.37 

6.37 

6.39 

6.39 

7 

6.30 

6.30 

6.31 

6.32 

6.32 

8 

6.28 

6.28 

6.26 

6.28 

6.26 

9 

6.09 

6.26 

6.13 

6.25 

6.11 

6.27 

6.16 

6.25 

6.12 

6.23 

10 

5.96 

6.14 

5.97 

6.15 

5.94 

6.19 

6.03 

6.16 

5.86 

6.14 

11 

5.93 

6.10 

5.90 

6.06 

5.90 

6.14 

5.98 

6.14 

5.68 

6.13 

12 

5.84 

5.82 

5.85 

5.92 

5.43 

13 

5.67 

5.62 

5.70 

5.79 

5.12 

14 

5.29 

5.20 

5.38 

5.50 

4.81 

15 

4.88 

4.85 

4.95 

5.06 

4.60 

16 

4.65 

4.66 

4.68 

4.71 

4.52 

17 

4.51 

4.59 

4.56 

4.59 

4.47 

18 

4.38 

4.49 

4.41 

4.41 

4.34 

19 

4.30 

4.44 

4.32 

4.30 

4.29 

20 

4.27 

4.42 

4.28 

4.26 

4.28 

21 

4.22 

4.29 

4.25 

4.21 

4.24 

22 

4.21 

4.34 

4.18 

4.17 

4.20 

23 

4.16 

4.30 

4.17 

4.14 

4.15 

24 

4.12 

4.22 

4.10 

4.10 

4.15 

45 


Table  11  -  Food  consumed,  body  weight  gain,  PER  and  digestibility  for 
each  of  the  rats 


Body 

Diet  and  Food  weight  Digestibility 

rat  number  Intake  gain  PER  coefficient 

 %  

Casein 


11 

366 

91 

2.517 

97.0 

12 

317 

92 

2.937 

95.3 

13 

352 

100 

0    O  0  if 

2.875 

9o#2 

14 

383 

104 

2.748 

96.5 

15 

325 

75 

2.336 

96.8 

16 

338 

103 

3.084 

97.1 

17 

38I 

no 

2.922 

97.1 

lo 

347 

10/ 

3.121 

96.1 

Dnf ermented  100%  corn 

21 

295 

46 

1.836 

91.6 

22 

285 

It  1- 

45 

1.836 

92.2 

23 

220 

28 

1.480 

90.7 

24 

297 

55 

2.153 

91.3 

25 

259 

44 

1.975 

91.6 

26 

264 

44 

1.938 

93.2 

2/ 

337 

50 

1.725 

92.0 

2o 

0  0  Q 

23b 

36 

1.759 

90.8 

Fermented  100%  corn 

OT 

31 

253 

43 

2.058 

89.5 

32 

305 

45 

1.786 

89.9 

33 

295 

31 

1.272 

91.8 

34 

277 

It  <*> 

43 

1.879 

89.1 

35 

52 

1.931 

91.6 

36 

231 

41 

2.149 

88.1 

37 

298 

42 

1.706 

90.0 

38 

253 

41 

1.962 

90.2 

10%  Soy 

41 

355 

71 

2.227 

92.6 

42 

314 

69 

2.447 

90.9 

43 

313 

68 

2.419 

91.9 

44 

294 

51 

1.932 

93.0 

45 

368 

71 

2.143 

92.0 

46 

379 

79 

2.32I 

91.6 

47 

283 

65 

2.558 

91.5 

43 

362 

78 

2.399 

91.1 

U6 


Table  11  (cont.) 


Body- 
Diet  and  Food                weight  Digestibility 
rat  number  Intake  gain  PER  coefficient 

20#  Soy 

51  333  75  2.6^3  91.2 

52  329  64  2.283  90.5 

53  394  87  2.592  91.5 

54  362  81  2.622  90.6 

55  369  83  2.640  92.6 

56  322  69  2.515  90.9 

57  363  84  2.716  91.0 

58  369  81  2.576  91.0 

10$  Peanut 

61  245  37  1.954  88.7 

62  218  31  1.840  90.3 

63  255  42  2.131  89.7 

64  276  39  1.828  91.0 

65  220  32  1.882  89.2 

66  233  19  1.055  90.5 

67  229  35  1.977  89.9 

68  318  38  1.546  90.4 

20#  Peanut 

71  276  44  1.779  90.5 

72  302  50  1.848  91.6 

73  344  58  1.882  90.3 

74  274  44  1.792  91.9 

75  259  42  1.810  90.6 

76  29  5  47  1.778  90.7 

77  311  50  1.794  93.1 

78  289  42  1.622  90.9 
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The  effect  of  supplementation  with  10%  and  20%  soybean  (10%  S,  20%  S) 
and  10%  and  20%  peanut  (10%  P,  20%  P)  on  the  rate  of  fermentation  of  corn 
meal  (100%  C)  was  examined.    Also  the  protein  quality  of  cooked  unfermented 
corn  (unfermented  100%  C)  was  compared  to  fermented  cooked  corn  (fermented 
100%  C)  and  the  four  fermented  mixtures  of  corn,  soybean  and  peanut  meals. 

Rate  of  fermentation  over  a  24-hour  period  at  28°C  was  measured  by 
change  in  pH  of  a  25  gram  sample  of  each  of  the  five  mixtures  combined  with 
50  ml  of  distilled  water.    For  rat  diets,  400  gram  lots  of  the  five  corn 
mixtures  were  fermented  in  800  ml  distilled  water  for  13  hours  which  produced 
a  pH  of  approximately  5.5.     The  fermented  meal  was  boiled  in  an  additional 
1200  ml  of  water  for  30  minutes  to  form  a  porridge.    It  was  then  dried  at 
room  temperatures  and  ground  into  a  meal.    A  diet  of  unfermented  100%  corn 
was  prepared  in  the  same  manner.    The  dried  corn  mixtures  served  as  the 
source  of  9%  protein  for  the  rat  diets.    Oil,  corn  starch,  salt  mixture  and 
vitamins  were  added  to  complete  the  diets.    Each  of  the  diets  were  analyzed 
for  content  of  17  amino  acids  and  ammonia.     Feed  consumed,  weight  gain,  PER 
and  apparent  digestibility  was  determined  for  the  six  corn  diets  plus  a 
casein  control  diet. 

The  corn  mixtures  had  initial  pHs  of  6.13  to  6.45  and  24  hour  pHs  ranging 
from  4.00  to  4.35.    Each  of  them  reached  a  pH  of  5.5  after  12  to  14  hours  of 
fermentation.     The  substitution  of  10%  soybean  meal  for  cornmeal  increased 
(P<0.05)  the  rate  of  change  in  acidity  but  substitution  of  20%  soybean  meal 
decreased  (P<  0.05)  the  rate.     The  substitution  of  20%  peanuts  resulted  in  a 
faster  change  in  acidity  than  substitution  of  10%  (P<0.10)  but 
neither  of  the  levels  of  substitutions  of  peanuts  changed  the  rate  of  change 
in  acidity  significantly  from  that  produced  by  100%  cornmeal. 
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Amino  acid  analyses  of  raw  and  unfermented  cooked  corn  indicated  that 
cooking  decreased  most  of  the  amino  acids.    Fermentation  before  cooking 
resulted  in  a  slight  increase  in  most  amino  acids  as  compared  to  raw  corn. 
The  most  limiting  amino  acid  in  the  corn  mixtures  was  tryptophan.  The 
second  most  limiting  amino  acid  was  methionine  in  all  fermented  mixtures 
except  the  10%  peanut  mixture. 

Although  fermentation  resulted  in  improvement  in  amino  acid  content  of 
100%  corn,  food  consumed,  weight  gain  and  PER  were  not  changed  but  the 
apparent  digestibility  was  decreased.     Substitution  of  soybean  meal  at 
either  10%  or  20%  levels  improved  the  utilization  of  fermented  corn  in 
that  rats  consumed  more  feed,  gained  more  weight  and  had  higher  PERs. 
Substitution  of  10%  and  20%  peanut  meal  did  not  enhance  the  nutritional 
value  of  fermented  corn.    In  fact  rats  on  the  10%  peanut  diet  consumed 
less  feed,  had  less  weight  gain  and  had  lower  PERs  than  rats  on  fermented 
100%  corn. 


